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NARROW TRACK THIN FILM MAGNETIC HEAD AND 
FABRICATION METHOD THEREOF 

1 BACKGROUND OF THE INVENTION 
FIELD OF THE INVENTION 

This invention relates to a magnetic head for 
use in magnetic recording and to a fabrication method 
5 thereof. An embodiment of the present invention relates 
particularly to a read/write magnetic head which is 
suitable for high density read/write operations. 
DESCRIPTION OF THE PRIOR ART 

A conventional magnetic head technology is 
10 disclosed in JP-A-59-178609 , for example. 

A magnetic head of the type in which only a head 
gap portion projects to a medium direction has been 
proposed in order to accomplish high density recording in 
magnetic recording. For example, "IEEE TRANSACTION ON 
15 MAGNETICS", Vol. 24, No. 6, November, 1984, pp. 2841 - 2843, 
describes a method of deciding a track width of a magnetic 
head by applying machining from an air bearing surface 
side . 

As to a magnetoresistive head (hereinafter 
20 referred to as the "MR head") used as a read-only magnetic 
head, too, JP-A-59-71124 and JP-A-1-277313 disclose the 
structure in which only a track width portion (magnetic 
sensing region) is projected to a medium opposing 
surface. 

25 On the other hand, a read/write magnetic head 
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1 produced by integrating the MR head and an induction 
type write head is known from JP-A-51-44917 , and so 
forth . 

SUMMARY OF THE INVENTION 
5 However, the magnetic head having the structure 

of the IEEE reference described above involves the problem 
that off-track performance is low because a flux leaks 
from regions other than the track width which is defined 
by etching. Since a relatively wide region of a slider rail 
10 is removed by etching, floating characteristics of a slider 
vary greatly before and after machining. If etching 
technique used for an ordinary semiconductor process is 
utilized, it becomes extremely difficult to coat 
uniformly a resist onto the slider rail, and the problem 
15 of mass-producibility is left unsolved. 

The technology disclosed in JP-A-59-71124 and 
JP-A-1-277313 is not free from the following problem. 
When the MR head only the magnetic sensing region of 
which is allowed to project is produced, magnetic shield 
20 layers that interpose the MR sensor between them from both 
sides are greater than the width of projection, so that 
flux from adjacent tracks which cross one another through 
these shield layers results in noise. This invites the 
problem that a signal-to-noise ratio drops when signals 
25 become weaker with a smaller track width. 

Furthermore, when a composite magnetic head is 
produced by combining the MR sensor only the magnetic 



1 sensitive region of which projects and the induction type 
write head, the width of the write magnetic pole and 
that of the projecting portion of the MR sensor deviate 
from each other due to a positioning error and the ratio 
5 of this deviation to the track width becomes greater 
with a smaller track width. Therefore, another problem 
occurs that read efficiency drops. In other words, the 
conventional MR head described above employs the structure 
wherein only the track width portion is projected to the 
10 medium opposing surface so as not to detect signals at 
portions other than at the read track width for the 
purpose of accomplishing a smaller track width. In the 
conventional head of this kind an MR sensor pattern only 
the track width portion which projects is formed on a 
15- substrate and a read head and the like are formed in such 
a manner as to align with this projecting portion. 
Thereafter the substrate is cut and the cut surface is 
polished in order to obtain a head only whose projecting 
portion is exposed to a medium opposing surface. Accord- 
20 ingly, the projecting width of the MR sensor and the width 
of shield layers and the width of the recording magnetic 
pole and the projecting with the MR sensor do not 
inevitably coincide with one another, respectively. 

It is a first object of the present invention to 
25 provide a narrow track magnetic head having excellent 
off -track performance and a fabrication method thereof. 

It is a second object of the present invention 
to provide a magnetic head having a high signal-to-noise 
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1 ratio. 



It is a third object of the present invention 
to provide a read/write magnetic head free from a position- 
ing error between a write head and a read head but having 
5 a high signal-to-noise ratio. 

It is a fourth object of the present invention 
to provide a fabrication method of a magnetic head which 
reduces the track width of a magnetic head without 
changing floating characteristics of a slider. 
10 it is a fifth object of the present invention 

to provide a fabrication method of a magnetic head for 
high density recording having a narrow track width at a 

high fabrication yield. 

The first object of the. present invention describ- 
15 ed above can be accomplished by disposing at least one 

trench or groove at part of an air bearing surface between a 
magnetic head and a medium. More definitely, local 
recesses are defined near a magnetic gap of the magnetic 
head or its magnetic sensing region so as to define the 
20 width of these members. In one preferred embodiment of 
the invention, these trenches or recesses are formed by 
focused ion beam (hereinafter referred to as "FIB") 
machining. In another preferred embodiment of the 
invention, a material is packed into these trenches or 
25 recesses. 

The second object of the invention described 
above can be accomplished by carrying out track width 
machining as a bulk from an air bearing surface side after 
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1 an MR sensor and shield layers are formed on a substrate. 

The third object of the invention described 
above can be accomplished by forming a write head and a 
read head' on a substrate and then carrying out track width 
5 machining by etching from a polished and cut surface in 
order to prevent the track position error between the 
write head and the read head. In other words, while only 
the track width portion of a soft magnetic film of each 
of the write and read heads constituting the magnetic 
10 head is left on a floating surface, the other portions 
are removed in such a manner as to increase the distance 
from the medium. At the same time, track width 
machining is applied also to the shield layer of the 
read head so that only the projecting portion is 
15 exposed on the floating surface. In still another 

preferred embodiment of the present invention, a stopper 
material for etching is disposed in advance on a machining 
portion in a head lamination process in order to prevent 
the exposure of a planarization layer that covers the coil 
20 of the write head and a coil when machining is made from 
the floating surface. 

The fourth object of the invention described 
above can be accomplished by machining part of a rail of 
an air bearing surface of a head slider by use of a 
25 focused ion beam. 

The fifth object of the invention described 
above can be accomplished by machining the shape of the 
magnetic head by use of a beam having focused energy 
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1 without coating a resist onto the slider rail. 

When at least one trench is disposed at part of 
the air bearing surface of the magnetic head with the 
medium, a magnetic flux does not leak from regions other 
5 than from the track width region defined by the trench. 
Accordingly, a narrow track magnetic head having high 
off-track performance can be provided. 

Yield and accuracy of machining can be improved 
by using a focused ion beam when the trench is formed 
10 only at part of the air bearing surface. 

The leak of the flux can be reduced further by 
packing a material into the trench described above. 

After the MR sensor and the shield layer are 
formed on the substrate, track width machining is carried 
15 out as a whole from the air bearing surface side with 

respect to the medium and in this manner, the width of the 
shield layer can be made substantially equal to the 
projecting width of the MR sensor. Accordingly, the flux 
from adjacent tracks does not mix through the shield layer, 
20 resulting in no noise, so that a magnetic head having a 
high signal-to-noise ratio can be obtained. 

In the present invention, the distance between 
the members inclusive of the magnetic shield layer and the 
medium and between the magnetoresistive sensor and the 
25 medium, that is, the spacing, is great at the portions 
other than the projecting portion which functions as the 
magnetic sensing region. Accordingly, the signals from 
the portions other than the magnetic sensing region can 



be reduced remarkably. When a floating distance is 0.15 
urn and a move-back distance is 2 ym, for example, a signal 
from adjacent tracks can be reduced by at least -50 dB 
with respect to a signal at a recording wavelength of 
2 ym. Since the portions other than the magnetic 
sensing region are thus moved back, the noise resulting 
from the adjacent tracks can be reduced drastically. 

Positioning of the track width between the write 
head and the read head can be made extremely precisely by 
carrying out track width machining of both of the heads 
simultaneously and as a bulk. If an etching stopper is 
used, an etching margin can be increased even when FIB 
is not used. 

If the projecting portion is formed by utilizing 
focused ion beam etching (FIB) or if a method which defines 
a trench at part of the slider rail of the head is 
employed, a trench having a large aspect ratio can be 
formed in a very small region. Consequently, machining 
does not exert adverse influences on the floating 
characteristics of the slider. 

If the shape of the magnetic head is machined 
by a beam having focused energy without coating a resist 
onto the slider rail, a desired shape can be machined 
at a high yield. Furthermore, since an electrically 
conductive layer can be formed inside the trench thus 
formed, a magnetic shield material can be packed easily 
into the trench by field plating or the like, and a head 
having high off-track performance can be fabricated. 
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1 BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a perspective view of a magnetic 
pole portion of a head in accordance with the present 
invention; 

5 Fig. 2 is a diagram showing the field distribution 

of the magnetic head of the present invention; 

Fig. 3 is a diagram showing the frequency 
dependence characteristics of Hx of the magnetic head 
of the present invention; 
10 Fig. 4 is a diagram showing comparatively 

off-track performance of the magnetic head of the present 
invention and off-track performance of a conventional 
magnetic head; 

Fig. 5 is a diagram showing the relation between 
15* the change of a read output of the magnetic head of the 
present invention and a track width; 

Fig. 6 is a diagram showing, the relation between 
an incident angle of FIB used in the fabrication method of 
the present invention and off -track performance; 
20 Fig. 7 is a diagram showing the change of 

read/write characteristics when portions other than the 
magnetic poles of a slider rail are machined uniformly by 
FIB; 

Fig. 8 is a diagram showing the write character- 
25 istics of a vertical head obtained by the present inven- 
tion; 

Figs. 9A and 9B are perspective views showing 
the portions near a gap portion of the magnetic head of 
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I the present invention; 

Fig. 10 is a diagram showing the sensitivity 
distribution of an MR head in the direction of a track 
width; 

5 Figs. 11A and 11B are perspective views of a 

read/write composite head in accordance with another 
embodiment of the present invention; 

Figs. 12A and 12B are perspective views of a 
read/write composite head in accordance with still another 
10 embodiment of the present invention; 

Fig. 13 is a plan view of a thin film magnetic 
write head in a first embodiment of the present invention; 

Fig. 14 is a sectional view taken along line A - 
A 1 of the magnetic core shown in Fig. 13; 
15' Fig. 15 is a sectional view of a conventional 

magnetic core when viewed in the same way as in Fig. 14; 

Figs. 16 and 17 are sectional views of the 
magnetic core in other embodiments of the present invention, 
respectively; 

20 Fig. 18 is a diagram showing the measurement 

result of characteristics and showing the relation between 
a write density and a read output in a conventional head 
and in a head of the present invention, respectively; 

Fig. 19 is a diagram showing the measurement 

25 result of characteristics and showing the relation between 
the width t 1 of the tip of a magnetic pole and a write 
density and between the width t 1 and overwrite in the head 
of the present invention; and 
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1 Fig. 20 is a diagram showing the measurement 

result and showing the relation between an etching depth 
t 2 at the tip of the magnetic pole and a write density and 
between the etching depth t 2 and overwrite. 

5 DESCRIPTION OF THE PREFERRED EMBODIMENTS 
Embodiment 1 

This embodiment represents a fabrication method 
of a magnetic head in accordance with the present invention 
and the result of studies on read/write characteristics. 

10 Fig. 1 is a perspective view of the pole portion of an 

induction type thin film head after machining by a focused 
ion beam etching process (hereinafter referred to as 
"FIB") when it is observed from an air bearing surface 
side. The material of a pole 102 is a permalloy having a 

15 saturation flux density of 1.0 T, and a gap layer 104 and 
a protective layer 10 3 are made of alumina. The material 
of a slider 101 is zirconia. The track width of the 
magnetic head before FIB machining is 10 pm and the pole 
thickness is 1.5 ym at an upper part and 1.0 ym at a lower 

20 part. Since zirconia used as the slider material of the * 
head this time is a non-conductive material, the sample 
undergoes charge-up during FIB machining and a trench 
cannot be formed accurately. Therefore, a ultra- thin layer 
of Au is formed on the slider surface by evaporation before 

25 FIB machining. Incidentally, this Au evaporation layer can 
be removed by ordinary ion-milling or by polishing after 
FIB machining. On the other hand, evaporation becomes 
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1 unnecessary when a system which irradiates an electron 
beam during FIB machining and neutralizes charge-up is 
utilized. Fig. 1 shows a sample having a track width of 
1 urn at both upper and lower parts and a machining depth 

5 of 2.0 urn after FIB machining. The ion seed of the ion 
beam 100 used for machining is Gain and an acceleration 
voltage and a beam current are set to 30 kV and 1.6 nA, 
respectively. The beam diameter at this time is 0.2 ym. 
Embodiment 2 

10 A non-magnetic metallic material having a low 

specific resistivity such as Cu is packed into the trench 
portion formed by FIB machining and a flux leaking from 
portions other than from the- track portion defined by 
machining can be reduced particularly in a high frequency 

15 range by utilizing an eddy current loss. This sample can 
be produced by a method which carries out FIB machining 
in a W(CO) g atmosphere to form a W layer in the region to 
which FIB is irradiated, and conducts field plating by 
utilizing this conductive layer to form Cu. Besides this 

20 method, the sample can be produced by another method which 
uses Ai, having high conductivity, or the like, as the ion 
seed and forms a Cu layer by field plating utilizing the 
ion injection layer which is formed at the trench portion 
of the sample by FIB machining. Here, the differences in 

25 the field distribution and field intensity between the 
thin film head having the Cu layer, which is a magnetic 
shield layer and is formed at the trench portion after 
FIB machining and a thin film head having the trench 
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1 portion under the as-formed state are measured by an 

electron beam computerized tomography utilizing a Lorentz 
effect of an electron beam. Fig. 2 shows the result when 
the distribution of a longitudinal magnetic field Hx of 
5 the field distribution to be measured at 30 MHz 

in the track width direction is measured at the center 
position of the gap. The track width of the head after 
machining is set to 1 \im in each sample. It can be 
understood from this result that the leakage flux leaking 

10 from the regions other than from the track can be reduced 
drastically by forming Cu as the shield layer at the 
trench portion. The effect of this shield layer becomes 
greater with a higher frequency. Incidentally , the 
machining depth of the head used this time for the 

15 measurement is 2 ym but the leakage field of the heads 

not having the Cu layer formed thereon hardly changes even 
when the machining depth is made greater than the value 
described above. On the other hand, Fig. 3 shows the 
result when the frequency dependence of the maximum 

20 value of Hx is measured at the center position of the 
head magnetic pole, that is, the gap, and at the center 
position of the track. It can be understood from this 
diagram that the effect of the Cu shield layer becomes 
higher for the field intensity, too, with a higher 

25 frequency. 

Embodiment 3 

Fig. 4 shows the result of comparison of off- 
track performance between a self read/write thin film 



1 head whose track width is not coincident between the upper 
pole and the lower pole and which is fabricated by the 
process of JP-A-59-178609 , for example, and a thin film 
head obtained by subjecting this head to FIB machining 
5 so that the track width of the upper pole is coincident 
with the track width of the lower pole with 0,1 urn 
accuracy. The track width of the upper pole is 10 ym and 
the track width of the lower pole is 13,5 ym before FIB 
machining, and the track width is 10 ± 0.0 5 ym for both 

10 poles after FIB machining. In this experiment, too, the 
Cu layer is formed at the trench portion of the slider 
rail machined by FIB. A spatter material having a 
coercive force of 1,500 Oe and a film thickness of 0.06 ym 
is used for the measurement and the spacing is 0.1 ym. The 

15 recording density is set to 5 0 kFCI (Flux Change per ^nch) . 
It can be understood from the result shown in Fig. 4 that 
the effect of alignment of the track edge portions of 
the upper and lower poles becomes remarkable when the off- 
track distance exceeds the half of the track width, and 

20 is effective for narrowing a track pitch. In this case, 
no change is observed in the read output and overwrite 
performance before and after machining. 
Embodiment 4 

Next, the change of the read output per unit 

25 track width is measured by reducing the track width from 
10 ym to 0.25 ym under the state where the dimensional 
difference of the track width between the upper and lower 
poles is kept below 0.1 urn. The result is shown in Fig. 5. 
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1 The measuring condition and the medium are the same as 
those used in Fig. 4. Here, the self read/write thin 
film head and the read/write head using an MR head for 
reading are used. The machining depth of FIB is set to 
5 2.0 p for both heads. It can be understood from the 

result shown in Fig. 5 that when the track width is below 
3 ymin the self read/write head, a drop in the read 
output is observed and this output drops to the half 
of the original read output (the read output of the 

10 head having a 10 vim track width) at the track width of 
1 urn. It has been confirmed by the observation with a 
Lorentz microscope of the recording track written by the 
head of each track width that even when the track width 
of the head is 0.25 ym, the medium is recorded uniformly 

15 in the track width-wise direction in response to the track 
width of the head. It is therefore believed that the 
cause of the drop of the read output when the track width 
is reduced below 3 ym results primarily from the drop of 
the read sensitivity of the head. In the read/write head 

20 using the MR head for reading, on the other hand, the 
drop of the read output is not observed even when the 
track width is reduced down to 1 ym and it is found 
that at least 80% of the original output is obtained even 
when the track width is reduced down to 0.25 ym. It has 

25 thus been confirmed that in the head having the track width 
of 3 ym or below, the read/write head having the separate 
write and read heads is effective. 



1 Embodiment 5 

Next, Fig- 6 shows the result of the examination 
of the changes of the read output and off-track performance 
of the magnetic head which is machined by changing the 
5 incident angle of FIB. The track width after FIB 

machining is 3 ym and the machining depth is 2 ym. The 
medium used for the measurement of the read/write 
characteristics and the measuring condition are the same 
as those used in Fig* 4. The abscissa in Fig. 6 or in 

10 other words, the incident angle 8 of the ion beam, 

represents the deviation from a direction perpendicular 
to the air bearing surface of the head, and is set so 
that when the right-hand and left-hand portions of the 
track are machined, the incident angles are symmetric 

15" with respect to the track center, respectively. Here, 
an off -track performance index OFP is used as an index 
for evaluating off-track performance- This OFP is 
defined as follows: 

OFP = x/ (Tw/2) 

Here, symbol X represents the off-track distance when the 
20 read output drops by 6 dB from the initial value when the 
head is tracked off and Tw is the track width of the 
head after FIB machining. It can be understood from this 
diagram that off-track performance gets deteriorated 
when the incident angle is 10° or more, whereas the read 
25 output drops at 0° or below and gets unstable at 20° 

or more. It can be understood from this result that the 
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incident angle of the beam is set preferably from 0° to 
about 10°. In this embodiment the shape of the head is 
set to an arbitrary shape by changing the incident angle 
of FIB, but machining of the head having an inclination 
at the track edge portion becomes possible by changing 
two-dimensionally the irradiation quantity or devising 
a peculiar polarization method even when the incident 
angle is 0° . 
Embodiment 6 

Fig. 7 shows the result of the examination as to 
to which extent the read/write characteristics change when 
the portions other than the pole portion of the head 
slider rail are cut off uniformly by FIB after completion 
of a polish work. In the polishing process of the air 
bearing surface of an ordinary thin film head, a machining 
step of about 20 to about 30 nra is defined between the 
slider rail and the magnetic film of the pole. This 
machining step is eliminated' by cutting off the slider 
rail. Since the surface property of the slider rail 
changes hardly by FIB machining, it has been confirmed 
that floating characteristics of the slider does not 
at all change before and after this, machining. The medium 
and measuring condition used for the read/write 
characteristics are the same as those described already. 
As a result of this FIB machining, it has been confirmed 
that the read output can be improved by about 16% at a 
recording density of 50 kFCI by cutting off uniformly the 
portions other than the pole portion of the slider rail 
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1 by about 30 nm. 
Embodiment 7 

An ordinary thin film head for in-plane recording 
can be modified to a single pole vertical head by 
5 utilizing FIB machining; hence, this embodiment represents 
an example of such a modification. This machining cuts 
off only the upper pole of an ordinary thin film head for 
in-plane recording to a certain extent. Fig. 8 shows the 
result of the examination of the vertical recording 

10 characteristics of the pseudo-single pole vertical head 
obtained by this machining. The coil used hereby is 
buried in an alumina layer. The medium used for 
measurement is a two-layered film medium of CoCr and 
permalloy and the spacing is set to 0.05 ym. Incidentally, 

15 a separate vertical head is used for reading from the 
relation of the pole thickness. It has been confirmed 
from this result that the recording density characteristics 
can be improved because the recording mode changes from 
the in-plane mode to the vertical mode when the machining 

20 depth of the upper pole is increased. Here, a single pole 
head that can be used for both reading and writing can be 
fabricated by use of a photoresist pattern for an ordinary 
thin film head for in-plane recording by optimizing the 
thickness of the upper and lower poles, respectively. 

25 In this manner the head for in-plane recording can be 
converted to a head for vertical recording by utilizing 
FIB machining. 
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Embodiment 8 

Another embodiment of the present invention will 
be explained with reference to Figs. 9A and 9B. Fig. 9A is 
a perspective view of a read/write head when viewed from 
the floating surface side and Fig. 9B is a sectional view 
taken along line A — A 1 in Fig. 9A. As can be seen from 
these drawings , the head in accordance with this embodiment 
is provided with a write head 11 at the back of a read 
MR head 10. The pole 12 on one of the sides of this 
write head serves also as one of the shield layers 2 of 
the MR head. The structure of the MR head is as follows. 
A magnetoresistive sensor 3 and an electrode 4 for causing 
a current to flow are disposed between two soft magnetic 
members 1, 2 that serve as the magnetic shield layer. 
First of all, a permalloy pattern which is 2 ym thick and 
is a first shield layer 1 is formed on an alumina titanium 
carbide substrate 5 on which an insulation layer made of 
alumina is laminated. The shape of this first shield 
layer 1 is rectangular. Next, an MR sensor 3 is formed 
through the insulation layer. This insulation layer uses 
alumina. This embodiment uses a shunt bias method as a 
method of application of a bias magnetic field which is 
necessary for operating the MR sensor. Therefore, a 0.1 
pm-thick titanium film is laminated continuously as a 
shunt film on a 40 nm- thick permalloy film and then the 
rectangular MR sensor pattern is formed by photo-etching. 
Thereafter, a 0.2 urn-thick copper electrode 4 is formed 
on both sides except for the portion which will serve as a 
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1 magnetic sensitive region. Next, a second shield pattern 
2 is formed through an insulation layer. This shield 
pattern serves also as a first write pole 12 . A Co 
system amorphous soft magnetic film having a greater 
5 saturation flux density than permalloy is used in order 
to obtain a greater write field. The film thickness 
is 2.5 ym. Alumina having a film thickness of 1 ym is 
used for a gap layer 13. A coil 14 has five turns of 
copper having a film thickness of 3 ym. An etching 17 is 
10 then applied onto a slope portion on the floating surface 
side of a planarization layer through an insulation layer 
16. Subsequently, a second write pole 15 is formed by 
use of a Co system amorphous soft magnetic film having 
a film thickness of 2 ym in the same way as the first 
15 pole and then a protective film is laminated. The 

substrate is thereafter cut and polishing of the floating 
surface is conducted. 

Part of the floating surface other than the 
portion which will become a magnetosensitive region is 
20 removed during the polishing step by photo-etching 

technique which is employed ordinarily. First of all, an 
about 3 ym-thick photoresist is coated on the floating 
surface and a desired resist pattern is obtained by 
effecting exposure. Recesses 7 and 8 are formed by use 
25 of this resist pattern as a mask by ion milling which 
uses an Ar gas, in such a manner as to project the 
magnetosensitive region 9. Both of the MR head and write 
head portions are shaped so that the width of the 
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1 projecting portion 9 is 3 um and they are positioned on the 

same track. 

In order to obtain a head having high read 
efficiency in the process described above, it is preferred 
5 to project only the MR sensor portion which is not short- 
circuited by the electrode. To accomplish this object, the 
electrode pattern and the pattern for forming the 
projecting portion must be registered with a high level of 
accuracy at the time of exposure and a narrow pattern is 
10 preferably disposed in the electrode layer so that a 

registration marker is exposed on the floating surface. 
Furthermore, the width of the portion at which the 
electrode is not disposed, or in other words, the gap 
between the electrodes, is preferably greater than the 
15 width of projection in order to secure a registration 

margin. In this embodiment the gap between the electrodes 
is 4 um and the width of the projecting portion is 3 um. 

The embodiment described above uses the photo- 
resist as the mask for ion milling but can also use a 
20 metal mask or a carbon mask by use of a multi-layered resist 
method and a selective etching method. 

Fig. 10 shows the sensitivity distribution (solid 
line in the drawing) of the head described in this embodi- 
ment in the track width direction in comparison with the 
25 sensitivity distribution (dash line) of the head not having 
the projecting portion defining the track width between 
the electrodes at both ends in accordance with the prior 
art structure. The drop of the sensitivity of the head 
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at the track edge is sharper in the head of the embodiment 
of the invention and this represents that influences from 
adjacent tracks are smaller. 

As described above, the projecting portions of 
both the write and read heads can be formed simultaneously 
and accurately by carrying out etching from the floating 
surface, so that a position error does not occur between 
the read and write heads and a read operation can be made 

efficiently. 

Though the embodiment described above uses the 
Co system amorphous material as the pole material, other 
high saturation flux density materials such as Fe system 
crystalline materials can be used, too. Though the 
width of the write head in the track width direction 
before the recesses are formed is equal to the width of 
the shield layer of the MR head, the former may be 
different from the latter so long as it is greater than 
the width of the projecting portion. 
Embodiment 9 

Still another embodiment of the invention will 
be explained with reference to Figs. 11A and 11B. This 
embodiment is substantially the same as the first embodi- 
ment and has a write head at the back of the MR head. 
However, the width of the projecting portion of the write 
head is 4 ym, the width of the projecting portion of the 
MR head is 3 urn and the width of the read head is made 
smaller. If there is any positioning error of the heads, 
the influences of noise from the adjacent tracks becomes 
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1 smaller when the read operation is made from a track 
having a smaller track width than the width of the 
written track, as is well known in the art. The track 
width can be changed easily by changing the projecting 
5 width of the read/write heads by carrying out etching 
from the floating surface as is made in this embodiment. 
Accordingly, a magnetic head having suitable read/write 
track width can be fabricated easily. 

All the foregoing embodiments use the shunt bias 
10 method as the method of application of the bias field to 
the MR head but the present invention is not particularly 
limited thereto and can employ heretofore known permanent 
magnet bias, soft-film bias, exchange coupled film bias 
using a f erro-dimagnetic film, and so forth. 

15 Embodiment 10 

Still another embodiment of the present invention 
will be explained with reference to Figs. 12A and 12B. In 
this embodiment the MR sensor 3 is disposed between the 
poles 16 and 17 of the write head. The pole serves also 
20 as the shield film of the MR head. In the drawings, the 

pole uses a Co system amorphous magnetic film having a high 
saturation flux density and the film thickness is 2 ym. 
The bias field is applied to the MR sensor by causing a 
D.C. current to flow through the write coil. For this 
25 reason, the MR sensor is not provided with the shunt 

film but comprises only the permalloy and the electrodes. 
The bias field can be applied more easily if the MR sensor 
is disposed at a position deviated from the center between 
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1 the poles and in this embodiment, the ratio of distance 
between the poles and the sensor is set to 1:2. The 
rest of the structure of the head and the machining method 
of the projecting portion of the floating surface are the 
5 same as those described in the foregoing embodiments. 

According to this embodiment, the MR sensor is 
disposed between the write poles and the write poles 
serve also as the shield layer. Therefore, the width of 
the write pole shield layer coincides with the width of 
10 the projecting portion of the MR sensor and there can 

thus be obtained a magnetic head free from the positioning 
error between the read and write tracks. 

The embodiments Nos . 8, 9 and 10 represent the 
structure in which part of the write pole serves also 
15 as the shield layer of the MR head but the present inven- 
tion can also be used for a write/ read head in which the 
write poles and the shield layers are separated 
completely. 
Embodiment 11 

20 F ig. 15 shows an example of the section of the 

magnetic core portion in a conventional thin film magnetic 
head. As shown in the drawing the thin film head 
comprises a magnetic core consisting of an upper magnetic 
film 10a and a lower magnetic film 10b and a conductive 

25 layer coil 20 sandwiched between these films. The 

write/read operation is made when the pole portion P at 
the tip of the core travels while opposing a medium. 

Each of the magnetic pole film and coil is 
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1 formed by depositing a magnetic layer and a conductive 
layer on a substrate by spattering, or the like, and 
then carrying out patterning by ion milling, or the like. 

The magnetic core comprises the pole tip P that 
5 opposes perpendicularly the magnetic recording medium, the 
slope portion S from which the gap between the upper and 
lower magnetic films starts expanding gradually and the 
back region B which is disposed through the conductor 
layer. In order to improve read/write efficiency of the 
10 head and to prevent magnetic saturation, the back core B 
has preferably a sectional area which is as great as 
possible and in order to effect high density read/write 
operations, the sectional area of the tip of the pole 
is preferably as small as possible. As to the planar 
15 shape, a design has been made so that the magnetic film 
of the back core B expands gradually with respect to the 
rectangular pole tip portion P having a width substantially 
equal to the track width opposing the medium, as disclosed 
in JP-A-55-84019. 
20 In conjunction with the sectional structure, 

a method of preventing magnetic saturation has been 
proposed by laminating further a magnetic film 10c on the 
upper magnetic film 10a as indicated by dash line in 
Fig. 15 so as to enlarge the sectional area of the back 
25 core region. Since the slope portion S has an 

inclination, however, it is difficult to superpose 
completely the magnetic film 10c on S and P while leaving 
only the pole tip a on the medium opposing surface. 
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Therefore, the thickness of the upper and lower magnetic 
films 10a and 10b must be increased in order to prevent 
magnetic saturation at the tip regions P and S which are 
believed to affect greatly read/write efficiency. 
; m accordance with the prior art technology 

described above, the film thickness d 1 of each of the 
magnetic films 10a and 10b is uniform in the back region 
B, on the slope portion S and in the tip region P. For 
this reason, the prior art technology involves the 
3 problem in that if the thickness of the pole magnetic film 
is increased for accomplishing the object described above, 
the width t x at the pole tip becomes great, as well. In 
other words, even when the magnetic bias g 1 is reduced, 
t x cannot be reduced, so that a sharp field cannot be 
15 generated from the tip of the pole and there is an 

inevitable limit to the improvement in recording density. 

The object of this embodiment is to improve the 
magnetic core shape of the head in order to make the 
read/write operation in a high density, with high 
20 resolution and moreover, efficiently. 

This object can be accomplished by cutting off 
the side surface of the upper and lower pole magnetic 
films opposite to the magnetic gap and reducing the film 
thickness at the pole tip without changing the magnetic 
25 gap width. 

In Fig. 14, the film thickness d ± of the back 
region B of the pole magnetic film is 1 ym, for example, 
and the film thickness t x of the tip region P on the medium 



1 opposing surface side is 0.5 ym, for example. The film 
thickness is sufficiently great in the back region B, 
the slope portion S and the region of the tip P on the S 
side, and magnetic saturation does not occur. At the same 

5 time, a sharp field is generated from the medium opposing 
surface of the tip to conduct high density recording. 
Accordingly, read resolution can be improved and high 
efficiency and high density magnetic recording become 
thus possible. 

10 Fig. 13 is a plan view of a thin magnetic film 

head showing still another embodiment of the present 
invention. Reference numeral 10 represents a magnetic 
core obtained by patterning a permalloy or amorphous 
magnetic film, which is formed on a substrate by 
15' spattering or the like, by ion milling using a photoresist 
as a mask. Reference numeral 20 represents a conductor 
coil. Upper and lower magnetic layers of the magnetic core 
come into mutual contact at 11 and define a yoke structure 
and the conductor coil 20 interposed between these upper 
20 and lower magnetic layers is completely insulated by a 
resin insulation layer. 

Fig. 14 is a sectional view taken along line 
A - A' of the magnetic core shown in Fig. 13. This 
embodiment uses the amorphous alloy for the magnetic film. 
25 The upper magnetic film 10a comprises the pole tip P 
which opposes perpendicularly the magnetic recording 
medium, the slope portion S from which the gap between the 
upper and lower magnetic films starts expanding gradually 
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and the back region B disposed through the conductor 
layer. The film thickness d 1 of the upper and lower 
magnetic films in the head back region B is 1.0 um and the 
length of the pole tip P corresponding to the gap length 
is g L = 0.5 ym. The gap depth is g 2 = 0.8 U m. A focused 
ion beam (FIB) is irradiated from the direction 
represented by arrow D in parallel with the arrow so as to 
etch the pole tip to a film thickness of ^ = 0.5 um. The 
etching depth from the medium opposing surface is t 2 - 0.5 
U m so that the pole film thickness changes at a position 
close to the medium from the slope portion S. Etching 
with about ±0.1 um accuracy becomes possible in both 
directions of width and depth by use of FIB. Such a 
core does not cause magnetic saturation at portions other 
5 than part of the tip P at which the film thickness is 

small and at the same time, a sharp field can be generated 
from the tip. Accordingly the read/write operation can 
be made highly efficiently with high resolution. 

Fig. 18 shows the result of the measurement of 
0 frequency characteristics when the read/write operations 
are carried out practically by use of the head having the 
pole magnetic film of this embodiment and the conventional 
head having a uniform thickness for the pole magnetic 
film . 

>5 in the conventional head, comparison is made 

by changing the thickness & 1 of the pole magnetic film to 
1 um and 0.5 um. A Y-Fe 2 0 3 coated medium having a film 
thickness of 0.4 um is used as the recording medium and 
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1 the spacing is 0.3 ym. As shown in the diagram the 
frequency characteristics are poor in the film whose 
film thickness d ± is 1 urn and uniform, and the output 
drops at about 10 kFCI . In the case of the film whose 
5 film thickness d 1 is 0.5 ym and uniform, the read output 
drops by about 1/3 in comparison with the head having 
d x of 1 um. In contrast, when the head of this 
embodiment is used, higher output and higher frequency 
characteristics can be obtained. For example, the read 
10 output is increased by about twice to about thrice at 
20 - 60 kFCI in comparison with the conventional head. 

Fig. 7 shows the result of the measurement of 
the recording density and overwrite performance in the 
head of this embodiment when the film thickness t 1 at 
IS the tip of the pole is changed. The read/write condition 
is the same as described above. The recording density 
drops when t, is increased but overwrite performance can 
be improved. Both recording density and overwrite 
performance are satisfactory when t ± is from 0.3 to 0.8 ym. 
2o Fig. 20 shows the result of the similar measure- 

ment when the etching depth t 2 at the tip of the pole is 
changed. When t 2 is increased, the recording density is 
improved but overwrite performance drops. Both recording 
density and overwrite performance are satisfactory when 
25 t 2 is from 0.3 to 0.8 ym. 
Embodiment 12 

Figs. 16 and 17 show still another embodiment of 
the present invention. In the pole magnetic film shown in 
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Fig. 16, only the film thickness at the tip of the upper 
magnetic film 10a is reduced in the same way as in the 
head shown in Fig. 14. In the pole magnetic film shown 
in Fig. 17, on the other hand, FIB is irradiated 
obliquely from the direction of arrow B, B' so that the 
film thickness at the tip becomes gradually greater. 
Since both employ the structure wherein a sharp field is 
generated from the tip to effect high density recording 
and the film thickness is sufficiently g^eat in the back 
region to prevent magnetic saturation, high density 
magnetic recording can be made highly efficiently. 

As described above, the present invention can 
provide a magnetic head having a simple structure which 
improve noise characteristics resulting from adjacent 
tracks. Furthermore, the present invention makes it 
possible to position the write head and the read head 
with a high level of accuracy. 

Since even a head having a track width of 1 ym 
or below can be fabricated at a high yield, the present 
invention is particularly effective for a head for a 
magnetic disc apparatus which has a large memory capacity 
and for which high speed transfer of data is necessary. 

Since the present invention can provide a thin 
film magnetic head having a large read output and a high 
write density, the invention can improve performance of 
a magnetic memory device. 



